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Description 

This invention relates to a light-reflection-type 
encoding method and a light-reflection-type en- 
coder. More particularly, the invention relates to a s 
method and apparatus for encoding the kinetic 
variation to be detected of the subject under detec- 
tion by optical signals, through the motion of a 
mobile body which modes in response to the mo- 
tion of said subject, by emitting light from one end io 
of an optical fiber or a bundle of optical fibers 
(which will be hereinafter referred to simply as an 
optical fiber) on a mobile body, which moves in 
response to the kinetic variation to be detected of 
the subject under detection, and receiving the light 75 
reflected by the mobile body at the same end of 
said optical fiber. 

Heretofore most generally employed encoders 
composed of a graduated board and electronic 
parts such as light-emitting and light-receiving ele- 20 
ments have a number of drawbacks. Known en- 
coders are easily adversely affected by electric 
noise, temperature and humidity; incapable of pre- 
cise measurement; require anti-fire and anti-explo- 
sion provisions if used in equipment around which 25 
fire must be avoided; and are not usable for long- 
distance signal transmission because of the voltage 
drop or electric distortion. 

An optical encoder has been proposed, in 
which the pulse output caused by moving gradu- 30 
ations is converted to optical signals, in an attempt 
to eliminate such drawbacks of conventional en- 
coders in which the pulse output is electric signals. 

Japanese Official Patent Gazette, Publication 
No. 52640/82, discloses an optical encoder com- 35 
prising a luminous source emitting two-phase rec- 
tangular waves having a mutual phase difference of 
90° at <* -frequency, a code disc with slits to let 
pass the two types of light beams from said 
source, a first optical fiber having two front ends to 40 
receive a part of the two light beams before they 
transmit through said slits, a phase board having 
phase slits which is fixedly disposed parallel with 
said code disc and a second optical fiber having 
two front ends to receive the two light beams 45 
transmitted through said phase slits, said two light 
beams being emitted from said light source against 
the code disc and received by said front ends of 
two optical fibers before and after they pass 
through the code disc and phase board, and the so 
motion of a subject under detection which is con- 
nected to said code disc being detected by com- 
paring those quantities of light 

In the optical encoder disclosed in said Pub- 
lication No. 52640/82 as above, however, optical 55 
fibers must be disposed at both front and back of 
the disc to receive the light beams emitted from 
the luminous source, which in turn makes it neces- 



sary to install near the disc a means for mechani- 
cally connecting the disc with the subject under 
detection, so that said disc can move in relation to 
the motion of said subject. Installation of such a 
means causes difficulties. Furthermore, because 
the prior art encoder requires a means for receiving 
both the emitted light and transmitted light, it can 
neither be miniaturized nor can it perform precise 
measurement of the subject's motion. 

US-A-41 62399 discloses an optical encoder 
with a mobile body with alternate groups of gradu- 
ations with different reflective characteristics, a light 
source connected to optical fibers which emit light 
onto the body and a detctor connected to other 
optical fibers which receive the reflected light from 
the body. 

EP-A-007685 discloses an optical encoder of 
the light transmitting type in which a rotary body 
with slits receives light from optical fibers, the light 
transmitted through the slits passes through a fixed 
lattice plate with slits and the transmitted light is 
received by other optical fibers. 

JP-A-56087818 (Laid-Open Patent Publication 
No. 87,818/81) discloses a light-reflection type en- 
coder. In this encoder a mobile body is provided 
with graduations or indicia which reflect incident 
light from an optical fiber. The same optical fiber 
receives light reflected by the indicia and an inter- 
ferometric device compares the emitted and re- 
flected light. 

The encoder disclosed in JP-A-56087818 has 
the following drawbacks. 

In order to detect the variation in the light- 
reflectivity to precisely determine the position of 
the body the emitted light must have a beam width 
less than that of the individual graduations. If the 
width of the graduations is narrowed to improve the 
precision, the width of the optical fiber for projec- 
ting light on the graduations must also be narrowed 
and also the distance between the end of the 
optical fiber and the moving body must be pre- 
cisely controlled to regulate the extremely fine 
light-emitted area. 

As the width of the optical fiber is reduced, 
however, the tramission of an effective quantity of 
light becomes more difficult, increasing the dif- 
ficulty in precise positional detection. Again, when 
the graduation width is drastically narrowed, it be- 
comes difficult or impossible to provide identical 
width, form and reflectivity to all of the great num- 
ber of graduations which obviously renders the 
precise positional detection difficult. 

An object of the present invention is provide an 
improved light-reflection-type encoding method and 
an encoder, adopting a system wherein the light is 
emitted from one end of an optical fiber to light- 
reflective graduations on a mobile body which 
moves relatively to said optical fiber and the same 
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optical fiber end receives the reflected light- 
In accordance with the invention, and as is 
known from JP-A-56087818, there is provided a 
light-reflection encoding method for detecting mo- 
tion comprising emitting light from an optical fiber 5 
end onto a body, said body and said end of the 
optical fiber being relatively movable to produce 
the motion to be detected, said body including a 
plurality of graduations arranged in alternate groups 
exhibiting light reflection characteristics differen- 10 
tiated from one another, receiving light reflected by 
one of the groups of graduations of the body with 
the same optical fiber end and detecting said re- 
ceived light with a photo-electric converter. In con- 
trast to JP-A-56087818, the invention is charac- 75 
terised in that the optical fiber end emits light onto 
at least two adjacent graduations of said one group 
of graduations of the body and by an optical lattice 
is interposed between the optical fiber end and the 
body and in a fixed position relative to the optical 20 
fiber end, the lattice including a plurality of gradu- 
ations arranged in alternate groups exhibiting light- 
transmissive characteristics differentiated from one 
another, the graduations of the lattice being ca- 
pable of superposing optically and regularly with 25 
the graduations of the body to modulate light re- 
flected by said at least adjacent graduations of the 
body. 

Further in accordance with the invention and as 
is known from JP-A-56087818, there is provided a 30 
light reflection type encoder for detecting motion 
which comprises an optical fiber for emitting light 
from one end. a body for receiving the emitted 
light, the body and the optical fiber being relatively 
movable to produce the motion to be detected, the 35 
body including a plurality of graduations arranged 
in alternate groups exhibiting light-reflective char- 
acteristics differentiated from one another and pho- 
toelectric conversion means for detecting light re- 
flected by one of the groups of graduations of the 40 
body and received by the same end of the optical 
fiber. In contrast to JP-A-56087818, the invention is 
characterised in that the light emitted by the optical 
fiber end is incident on at least two adjacent gradu- 
ations of said one group of graduations of the body 4S 
and an optical lattice is interposed between the 
optical fiber end and the body and in fixed position 
relative to the optical fiber end, the lattice including 
a plurality of graduations arranged in alternate 
groups exhibiting light-transmissive characteristics so 
differentiated from one another, the graduations of 
the lattice being capable of superposing optically 
and regularly with the graduations of the body to 
modulate light reflected by said at least two gradu- 
ations of the body. 55 

A light-reflection-type encoding method and an 
encoder in accordance with the invention can en- 
sure the error in detecting the variation in the 



motion of the subject under detection, caused by 
minor differences in individual graduation width, 
form or reflectivity, for example, an error, in position 
detection, is very little. 

One advantage of the present invention is that 
an optical fiber can be disposed in a single direc- 
tion opposite to the mobile body for detecting the 
subjects position with graduations interposed 
therebetween. 

Another advantage of the present invention is 
the simultaneously detection not only of a precise 
position varying incidentally to the motion of the 
mobile body, but also any fixed positions with the 
cycle of said motion. 

Still further advantges of this invention will be- 
come apparent, from the following description. 
In the accompany drawings: 
Figs. 1a and 1b are the explanatory diagrams 
showing the state of emitting light from one end 
of an optical fiber onto a mobile body or the 
second member, through an optical lattice or the 
first member, and receiving the reflected light, in 
accordance with the present invention. 
Fig. 2 is a schematic, explanatory diagram 
showing the correlation of the amount of shift of 
the mobile body or the second member and the 
quantitative variation in the reflected light, 
caught by the encoder of this invention (curve 
A). The curves B and c are those obtained with 
the methods or encoders different from the 
present invention. 

Figs. 3a and 3b are the schematic explanatory 
views showing the relation between the gradu- 
ations on the optical lattice or the first member 
and the one end of the optical fiber, seen from 
the optical lattice side. 

Fig. 4 is a simplified view of a light-reflector 
type encoder according to the first example of 
this invention. 

Fig. 5 is a simplified view of a light-reflector 
type encoder according to the second example 
of this invention. 

Fig. 6 is a simplified view of a light-reflector 
type encoder according to the third example of 
this invention. 

Fig. 7 is a simplified view of a light-reflector 
type encoder according to the fourth example of 
this invention. 
In the method of the invention, the light is 
emitted on the mobile body from one end of an 
optical fiber, through an optical lattice. If it is emit- 
ted from the one end of the optical fiber directly on 
the mobile body, that is, not through the optical 
lattice, such precise detection as achieved by the 
present invention can never be expected. 

According to the invention, the optical lattice 
must be disposed fixedly relative to said end of the 
optical fiber, while the mobile body needs to move 
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relatively to the optical fiber. That is, the relative 
positional relationship between the end of the op- 
tical fiber and the optical lattice is fixed, while that 
between said fiber end and the mobile body con- 
nected to the subject under detection is not fixed, 
ie, relatively mobile. 

Accordingly, so long as the optical lattice and 
the mobile body maintain the above-described po- 
sitional relationship with the end of optical fiber, 
said fiber end and optical lattice are not necessarily 
static while the mobile body is in motion, but the 
former two may be in concert motion maintaining 
the fixed positional relationship while the mobile 
body remains static or in a different motion from 
that of the former two. 

By the use of an optical lattice, it is made 
possible to emit light on light-reflective graduations 
on the mobile body to detect the motion of the 
subject under detection, through the inspection of 
the motion of mobile body, and to control the 
motion of said subject. 

Hereinafter the invention will be described 
mainly .as to the above-described embodiment, but 
it should be understood that the one end of the 
optical fiber and the optical lattice fixedly disposed 
relative to said fiber end may be connected to the 
subject under detection and move in response to 
the motion of said subject, while the mobile body 
remains static or in different motion from that of the 
subject. 

An important feature of the invention is to emit 
the light transmitted through the optical lattice on at 
least two light-reflective graduations provided in the 
light-emitted zone of the mobile body. 

That is, according to the present invention em- 
ploying such an optical lattice, it is made possible 
to detect the motion of the mobile body even when 
the light is emitted on several light-reflective gradu- 
ations on the mobile body as above-described. On 
the other hand, by emitting light on a plurality of 
the light-refiective graduations on the mobile body, 
the difference in the reflected light caused by the 
very minor differences in form, size and width 
among the individual graduations is rendered sub- 
stantially insignificant, allowing the precise detec- 
tion of the subject's motion irrespective of the 
possible errors in form, size and width among the 
individual graduations on the mobile body. Again, 
the emission of light on several light-reflective 
graduations on the mobile body makes it possible 
to increase the quantity of light emitted from one 
end of the optical fiber and to ultimately increase 
the quantity of the reflected light from the gradu- 
ations, allowing an extremely precise detection of 
the motion of the mobile body which moves in 
response to the motion of the subject under detec- 
tion. 

The reception of reflected light from the sev- 



eral light-reflective graduations on the mobile body 
performed by the same end of the optical fiber, 
through the light-transmittable graduations on the 
optical lattice. That is, the emission of light onto the 

5 mobile body and the reception of the reflected light 
from the mobile body is performed by one and 
same end of an optical fiber, through an optical 
lattice which is fixed relatively to said fiber end. 
Thus the path of the emitted light and that of the 

io reflected light become identical, although reversed 
in direction, and it becomes possible to effectively 
utilize the light for detecting the motion of the 
mobile body, simply by centering the one end of 
the optica! fiber against the light-emitted zone of 

rs the mobile body connected to the subject under 
detection. 

Furthermore, because the optical fiber can be 
placed in single position opposite to that at which 
the subject under detection is disposed, in relation 

20 to the mobile body which moves in response to the 
change in the motion of said subject, the mechani- 
cal connection of the subject under detection with 
the mobile body is rendered extremely easy, and 
miniaturization of the apparatus also can be facili- 

25 tated. 

The reflected light from the mobile body re- 
ceived by said fiber end is detected by a pho- 
toelectric conversion element connected to the oth- 
er end of the optical fiber. 
30 The reason why the motion of the mobile body 

connected to the subject under detection can be 
precisely detected by the method of this invention 
will be more specifically explained, referring to the 
attached drawings, Figs. 1a, 1b and 2. 
35 Figs. 1a and 1b schematically show the light 

emitted from one end of an optical fiber onto the 
light-emitted zone of the mobile body through the 
optical lattice, and reflected by plural reflective 
graduations on said body, the reflected light again 
40 transmitting through the optical lattice and being 
received by said end of the optical fiber. 

In Figs. 1a and 1b, the optical lattice 26 has 
two types of graduations of different light-transmit- 
tances, ie, light-transmittable graduations 28 and 
45 substantially non- light-transmittable, reflective 
graduations 28\ alternately arranged. Whereas, the 
mobile body 20 has the two types of graduations 
having different reflectivities, ie, light-reflective 
graduations 24' and substantially non-light-reflec- 
50 tive graduations 24 which are preferably light-trans- 
mittable, alternately arranged. Those four types of 
graduations are advantageously identical in shape, 
and can be at least superposed with one another. 
According to Fig. 1a, the luminous flux emitted 
55 from the end 30a of an optical fiber 30 against the 
optical lattice 26 fixedly disposed relative to said 
end 30a (the arrows from 30a pointing right in the 
drawing) is partly reflected by the graduations 28' 
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(the arrows from 26 pointing left) when it reaches 
the optical lattice 26, and the rest transmits through 
the graduations 28 of optical lattice 26, to reach the 
graduations 24 f on the mobile body 20 to be re- 
flected (the arrows from 24* pointing left). The 
reflected light again transmits through the optical 
lattice 26 to return to (to be received by) the end 
30a of the optical fiber 30. 

According to Fig. 1b, it will be understood that 
the luminous flux emitted from the end 30a of 
optical fiber 30 against the optical lattice 26 is 
partly reflected by the graduations 28 ? similarly to 
the case of Fig. 1a, the rest transmitting through 
the graduations 28 and also through plural gradu- 
ations 24' on the mobile body 20 (the arrows from 
20 pointing right). Therefore, under the state illus- 
trated in Fig. 1b, only a part of the luminous flux 
originally emitted from the end 30a of optical fiber 
30 against the optical lattice 26, ie, only the re- 
flected light by the graduations 28* on optical lat- 
tice 26, returns to the fiber end 30a. 

In the state illustrated in Figs. 1a and 1b, if 
same quantity of light is emitted from the optical 
fiber end 30a, the quantity of the reflected light 
received by said end 30a in Fig. 1a and that in Fig. 
1 b differ clearly. 

The optical lattice 26 is fixedly disposed rela- 
tive to the end 30a of optical fiber 30, while the 
mobile body 20 moves relatively to the same fiber 
end 30a. Therefore in the actual operation the 
relation between the graduations on the optical 
lattice 26 and those on the mobile body 20 continu- 
ously changes from the state of Fig. 1a to that of 
Fig. 1b, or vice versa, accompanying the relative 
movement of the mobile body 20, and conse- 
quently the quantity of reflected light also continu- 
ously changes incidentally thereto. 

Thus according to the present invention, for 
example, if the repetition of the continuous change 
between the state of Fig. 1a and that of Fig. 1b is 
represented graphically, taking the amount of dis- 
placement of the mobile body with said optical 
fiber end on the axis of abscissae and the quantity 
of reflected light, on the axis of ordinates, a curved 
line indicating the quantity of reflected light with a 
constant cycle can be obtained as shown in Fig. 2. 

Therefore, by detecting such a curve of the 
reflected light with a photoelectric conversion ele- 
ment connected to the other end of the optical 
fiber, the amount of displacement of the mobile 
body which moves in response to the change in 
the motion of the subject under detection, namely 
the change in the motion of the subject itself, can 
be precisely detected. 

According to the method of this invention, the 
light from one end of the optical fiber is emitted 
first against the optical lattice fixedly disposed rela- 
tively to said fiber end, as aforesaid. The optical 



lattice has the graduations of different light-trans- 
mittances and therefore does not transmit light 
through all of the light-emitted zone, but transmits 
light only through its light-transmittable graduations 
5 occupying a part of said zone. Said graduations 
may consist of, for example, those of high iight- 
transmittance and those of low light-transmittance. 
The former may be slits which let pass the emitted 
light substantially as it is, or may be the transpar- 
70 ent base of the optical lattice itself. Also the gradu- 
ations of low light-transmittance may substantially 
absorb and/or scatter the emitted light, which may 
be, for example, the material itself of the optical 
lattice having substantially no transmittance, or 
75 may be formed on the surface of the optical lattice 
with a substance having substantially no ability to 
transmit light, for example, paint, when the optical 
lattice is made of a highly light-transmittable ma- 
terial. It is also possible to make the optical lattice 
20 surface to scatter or absorb substantially all of the 
emitted light, for example by making it aventurine. 

The optical lattice should have at least one, 
preferably at least two, graduations of high light- 
transmittance. More preferably, it has a number of 
25 graduations having high light-transmittance (for ex- 
ample, 2-100) and a number of graduations having 
low light-transmittance (eg. 2-100), which are al- 
ternately arranged in groups. In the optical lattice, 
preferably the graduations of high light-transmit- 
30 tance and those of low light-transmittance are regu- 
larly arranged, and more preferably the light-trans- 
mittable graduations and substantially non-light- 
transmittabie graduations are alternately and regu- 
larly arranged. If there are a number of both types 
35 of the graduations, they may be substantially iden- 
tical or different in form, size and width, etc., sub- 
stantially identical ones being preferred. 

The light transmitted through the optical lattice 
is emitted on at least two light-reflective gradu- 
40 ations on the illuminated zone of the mobile body 
which moves in response to the motion of the 
subject under detection, reflected thereby, again 
transmitted through the optical lattice, and is re- 
ceived by the one end of the optical fiber. 
45 The reflective graduatipns on the mobile body 

can consist of, for example, graduations of different 
reflectivities, eg, those of high reflectivity and those 
of low reflectivity; or graduations reflecting the 
emitted light with mutually different spectra. The 
50 graduations having different reflectivities may con- 
sist of, if white light is to be emitted, those having a 
high reflectivity painted with highly bright white or 
silver paint and those having a low reflectivity 
painted with light-absorbing black color or gray. 
55 The latter graduations may be the light-transmit- 
table slits provided on the mobile body. Also, either 
one type of the graduations may be formed of the 
base of the mobile body itself. 
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As the graduations reflecting the emitted light 
with different spectra, for example, those simply 
reflecting the light having substantially the same 
spectrum to that of the emitted light, such as the 
reflective graduations substantially incapable of ab- 
sorbing light within the wavelength region of the 
emitted light; graduations which absorb the light of 
specific wavelength or wavelength region within the 
emitted light and reflect the remainder, eg, those 
absorbing blue light alone of white light and reflect- 
ing the rest; or the graduations having wavelength- 
shifting ability such as those reflecting white light 
as fluorescent light; may be suitably used. 

When such graduations are used, the move- 
ment of the mobile body relevant to that of the 
subject under detection can be detected, by in- 
specting the spectra of the reflected lights, eg, 
detecting the intensity of light at specific 
wavelength or wavelength region. 

According to the present invention, the gradu- 
ations of the optical lattice and those of the mobile 
body have such a relationship that the reflected 
light received at one end of the optical fiber pos- 
sesses a certain regularity capable of specifying 
the motion of the mobile body relative to said fiber 
end. So long as such a relationship is maintained, 
the number, form, size, width, etc. of the gradu- 
ations on the optical lattice as well as those on the 
mobile body, are optional. For example, the form of 
the graduations may be linear, a polygon such as a 
slender quadrilateral, eg, a rectangfe, regular 
tetragon or triangle, or a round shape such as 
circle or oval. The size of the graduations may be a 
polygon with the length of shorter side or one side 
ranging from the order of microns to several mil- 
limeters or a round shape with the diameter or 
shorter diameter ranging from the order of microns 
to several millimeters. Preferred form of the gradu- 
ations is linear or rectangular, because such can be 
densely formed. 

The relationship between the graduations on 
the optical lattice and those on the mobile body 
producing a certain regularity in the reflected light 
is such that, preferably, the intervals among the 
light-transmittable graduations on the optical lattice, 
or the lattice pitch, can superpose with the light- 
reflective graduations on the mobile body which 
moves relatively to the optical lattice, substantially 
in the same direction, optically and regularly. A 
typical relationship is that between the graduations 
on the optical lattice wherein light-transmittable lin- 
ear graduations having a-u-shorter sides and non- 
light-transmittable (reflective) linear graduations 
having a-u-shorter sides are alternately disposed 
with the longer sides serving as the borders, and 
the graduations on the mobile body wherein reflec- 
tive, linear or rectangular graduations with a-u- 
shorter sides and light-transmittable, linear or rec- 



tangular graduations with a-u-shorter sides are al- 
ternately disposed with the longer sides serving as 
the borders. In another example, with the optical 
lattice having the above-described graduations, the 

5 mobile body has the graduations wherein reflective, 
rectanglar graduations with 2a-u-shorter sides and 
light-transmittable, rectangular graduations with a- 
U-shorter sides are alternately disposed, with their 
longer sides serving as the borders. 

io The graduations on the optical lattice can con- 

sist of a light-transmittable, rectangular graduation 
with a-u-shorter sides, a non-lighMransmittable 
(reflective), rectangular graduation with b-u-shorter 
side, a light-transmittable, rectangular graduation 

75 with c-u-shorter side, and a non-light transmittable 
(reflective), rectangular graduation with d-u-shorter 
side disposed side by side by the order stated, 
with their longer sides serving as the borders, while 
the graduations on the mobile body consist also of 
20 the above four types of graduations disposed side 
by side by the order stated, and appearing 
cyclically. 

The light transmitted through the optical lattice 
is emitted on the mobile body which moves rela- 

25 tively to the optical fiber. Therefore, it is possible 
according to this invention to make one end of an 
optical fiber static, and to emit light from the static 
fiber end on at least two reflective graduations on 
the mobile body, through an optical lattice fixedly 

30 disposed against the static fiber end. The light may 
be emitted from one end of a moving optical fiber, 
through an optical lattice fixedly disposed against 
the fiber end, on at least two reflective graduations 
on a static mobile body or the body making a 

35 different motion from that of the optical fiber. In the 
latter case, if the fiber end and the mobile- body 
make different movements, included are such em- 
bodiments wherein the two move in mutually op- 
posite directions, or move in a same direction with 

40 different speeds. The motion may be any that 
performed with a certain regularity, for example, a 
rectilinear motion, curvilinear motion or rotatory 
motion. The reflected light from the plural reflective 
graduations on the mobile body is received by the 

45 aforesaid optical fiber end, through the optical lat- 
tice, and detected by the photoelectric conversion 
element connected to the other end of the optical 
fiber as aforesaid. 

A preferred embodiment of this invention com- 

50 prises emitting light from one end of optical the 
fiber, through at least two graduations having high 
light-transmittance of the optical lattice fixedly dis- 
posed relative to said fiber end, on at least two 
light-reflective graduations on the mobile body, re- 

55 ceiving the light, which is reflected by said light- 
reflective graduations and transmitted through at 
least two graduations on the optical lattice, by said 
end of the optical fiber, and detecting thus received 
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reflected light with a photoelectric conversion ele- 
ment connected to other end of the optical fiber. 

By such a method it is made possible to catch 
the light reflected by the plural graduations on the. 
mobile body always as the standardized light, at 
one end of the optical fiber, regardless the minor 
deviations in width, shape, reflection characteristics 
such as reflectivity, among said graduations. Thus 
the positional variation of the mobile body, and 
consequently the variation in the motion of the 
subject under detection, can be detected with ex- 
tremely high precision. 

According to the present invention, a light- 
reflection type encoder comprises 

(A) an optical fiber, an optical lattice disposed 
fixedly relatively to one end of said optical fiber 
(which will be hereinafter referred to as the first 
member), and a mobile body which is movable 
relatively to said one end of the optical fiber 
(which will be referred to as the second mem- 
ber), 

(B) the second member being provided, on its 
surface facing the first member, with gradu- 
ations having differing light-reflectivities, 

(C) the first member being provided, at a posi- 
tion confronting said graduations on the second 
member, with the graduations having differing 
light-transmittances, 

(D) one end of the optical fiber being disposed 
at a position opposite to the graduations on the 
first member, so that the light from a light 
source can be emitted on several graduations 
on the second member through the graduations 
on the first member, and the light reflected by 
said graduations on the second member can be 
received by the same end of the optical fiber; 
and the other end of the optical fiber being 
connected to a photoelectric converter. 

The optical fiber can be a single optical fiber 
composed of a core and clad, eg, step-type or 
focusing type, or a bundle of optical fibers com- 
posed of plural strands of single optica! fiber 
comosed of a core and clad (which will be 
hereinafter collectively referred to as an optical 
fiber). Such optical fibers are known per se, and 
commercially available. 

The first member may be mounted on said end 
of the optical fiber or installed spaced from said 
fiber end, so long as it is disposed fixedly relative 
to said fiber end. 

The first member may assume various forms, 
eg, a film, a plate, a disc, a cylinder or a rod with 
circular cross-section. 

The second member again may take various 
forms, eg, a film, a plate, a disc, a cylinder or a rod 
with circular cross-section. 

In the encoder of the present invention com- 
prising the first member disposed fixedly relatively 



to one end of an optical fiber and the second 
member movable relatively to said fiber end, the 
first member may be a static, fixed body and the 
second member, a mobile body which is con- 
5 nected to the subject under detection and moves in 
response to the motion of said subject, or 

the second member may be a static, fixed 
body, and the first member, a mobile body con- 
nected to the subject under detection and moves in 
10 response to the motion of said subject, or 

either one of the first or second member may 
be connected to the subject under detection and is 
a mobile body which moves in response to the 
motion of said subject, and the other member may 
75 also be a mobile body making a controlled motion. 

In the above-disclosed encoder of this inven- 
tion, it is preferred that the first and second mem- 
bers should move with a certain regularity, for 
example, a rectilinear motion, curvilinear motion or 
20 rotatory motion, etc. 

Therefore, in the encoder of this invention, the 
first and second members may make a rotatory 
movement relatively to each other, or a rectilinear 
or curvilinear motion, also in relative terms. 
25 The second member has, on the surface op- 

posing the first member, graduations having differ- 
ing light-reflectivities, and the first member has, at 
the place confronting said graduations on the sec- 
ond member, graduations having differing light- 
30 transmittances. Shape, size, width and mutual rela- 
tions, etc. of these graduations are already de- 
scribed concerning the method of this invention. 

In the encoder of this invention, one end of the 
optical fiber is disposed at the position opposite to 
35 the graduations of the first member (optical lattice). 
As already stated, said end of the optical fiber 
must be so disposed that it can emit the light from 
the light source, through the graduations on the 
first member, preferably at least two light-transmit- 
40 table graduations, on at least two graduations on 
the second member, and also can receive the light- 
reflected by at least two reflective graduations on 
said second member. 

This will be more specifically explained, refer- 
45 ring to Figs. 3a and 3b. 

Fig. 3a shows, schematically, the fiber end, 
seen from the axial direction of said fiber, through 
the optical lattice disposed fixedly relatively to said 
fiber end. On said end 30a, for example, twenty- 
50 two strands of optical fibers A and B are present at 
random. The optical fibers A signify the fibers for 
emitting light toward the optical lattice, and the 
optical fibers B, the fibers for receiving the re- 
flected light from the reflective graduations on the 
55 second member (not shown, which is understood 
to be located in front of the drawing). 

Again, the optical lattice has, for example, light- 
transmittable graduations 28 and light-reflective 
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graduations 28\ 

At the state illustrated in Fig. 3a, the light 
emitted from the optical fibers A transmits through 
the optical lattice at the graduations 28, but is 
reflected by the optical lattice at the graduations 5 
28' and received by the optical fibers B. The light 
transmitted through the graduations 28 of the op- 
tical lattice reaches the second member. If the 
light-reflective graduations on the second member 
are located there, the light reflected to again trans- w 
mit through the graduations 28 of the optical lattice 
to be received by the optical fibers B facing said 
graduations 28. If the light-transmittable gradu- 
ations on the second member are located there, 
the light transmits therethrough, and does not is 
come back to the optical fiber. 

If the other ends of the optical fibers A are 
combined into a bundle and connected to a light 
source to transmit light, and the other ends of the 
optica! fibers B are combined into a separate bun- 20 
die and connected to a photoelectric converter to 
allow detection of the reflected light, the reflected 
light will show a constant, systematic variation ac- 
companying the motion of the second member (cf. 
Fig. 2). By detecting the variation, therefore, the 25 
motion of the second member which moves in 
response to the motion of the subject can be 
detected. Consequently, the motion of said subject 
itself can be detected. 

Fig. 3b shows, schematically, the state similar 30 
to that illustrated in Fig. 3a, except that the optical 
fiber is a single fiber. In this case also the light is 
emitted through the end 30a of the optical fiber, 
transmitting through the light-transmittable gradu- 
ations 28 of the optical lattice but being reflected at 35 
the graduations 28* and received by the same fiber 
end 30a. The light transmitted through the gradu- 
ations 28 of the optical lattice is either reflected by 
the light-reflective graduations of the second mem- 
ber (not shown) or transmits through the light- 40 
transmittable graduations, similarly to the case of 
Fig. 3a. 

In this case also, therefore, the reflected light 
received at the end 30a of the optical fiber shows 
the constant, systematic variation accompanying 45 
the motion of the second member. Hence, for 
example, if the other end of the optical fiber is 
branched, one being connected to the light source 
and the other, to a photoelectric converter, the 
movement of the subject under detection can be so 
determined similarly to the case of Fig. 3a. 

In Figs. 3a and 3b, the optical fiber may be 
step-type or focusing type as aforesaid, and said 
end of the optical fiber may be substantially flat, or 
convex, eg, a curved surface such as convex lens, 55 
convex ellipsoid or convex sphere. The convex, 
curved surfaces are like those formed by a liquid at 
the front end of a capillary tube. Such a surface 



. can be easily formed by fusing said end of the 
optical fiber. It can be also understood that, if an 
optical path-changing element such as a lens, mir- 
ror or prism is placed between said fiber end and 
the first member disposed statically relatively to 
said fiber end (an optical lattice), still the light 
emitted from the fiber end transmits through the 
optical path-changing element to reach the gradu- 
ations of the first member and partly, the gradu- 
ations of the second member, and the light re- 
flected by the graduations of the second member 
again transmits through the graduations of the first 
member and the optical path-changing element to 
be received by said end of the optical fiber. 

Thus it is also within the scope of this invention 
to interpose an optical path-changing element. 

Further according to this invention, a light-re- 
flector type encoder comprises 

(A) an optical fiber, a fixed body disposed fixed- 
ly relatively to one end of the optical fiber, and a 
mobile body which is connected to the subject 
under detection and can move in response to 
the motion of said subject, 

(B) said mobile body being provided, on its 
surface facing the fixed body, with at least sev- 
eral graduations of substantially constant width 
but having different light-reflectivities, 

(C) said fixed body being provided, on at least a 
part of the place corresponding to the gradu- 
ations on the mobile body, with graduations in 
which two types of graduations having different 
light-transmittances are alternately disposed and 
which superpose with the graduations on the 
mobile body with optical regularity, 

(D) said one end of the optical fiber, which is 
capable of emitting the light from the light 
source on at least two graduations on the mobile 
body through at least two graduations on the 
fixed body, and also receiving the reflected light 
from said graduations on the mobile body, being 
positioned opposite to the graduations on the 
fixed body, and the other end of the optical fiber 
being connectable to a photoelectric converter. 

In the above-described encoder, the gradu- 
ations on the mobile body can move systematically 
relatively to the graduations provided on the fixed 
body, in response to the motion of the subject 
under detection, and the mobile body preferably is 
a rotator. 

If the mobile body is a rotator, preferably it has 
the graduations of differing light-reflectivities and of 
substantially constant width, on the surface facing 
the fixed body, along the circumference of a hy- 
pothetical circle having an identical radius from the 
center of rotation axis. 

Again, when the mobile body is a rotator, a 
rotator having two types of graduations of different 
light reflectivities which are provided on the surface 
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of the rotatory plate facing the fixed body, along 
the circumferences of at least two hypothetical 
circles of different radii from the center of the 
rotation axis; and a fixed body having preferably at 
least two graduations having different light-transmit- 5 
tances and superposing with said graduations on 
the rotatory plate optically with regularity, provided 
on at least a part of the place facing the rotatory 
plate, can be used. 

With such a rotator and fixed body, it is possi- 10 
ble to detect, for example, simultaneously with the 
positional detection of the rotator by means of the 
reflected light from the graduations provided along 
the circumference of the first hypothetical circle on 
the rotator, the position of the rotator also by 75 
means of the reflected light from graduations along 
the circumference or circumferences of second or 
more of the hypothetical circles. This allows very 
precise detection of the rotator's position, and con- 
sequently, very precise detection of the motion of 20 
the subject under detection which is connected to 
said rotator. Furthermore, the direction of rotation 
or absolute position of the rotator can be precisely 
detected, which enables to know and control the . 
absolute position of the subject under detection, 25 
from a place distant from said subject. 

Hereinafter the subject method and the en- 
coder will be more concretely explained, referring 
to the attached drawings. 

The first example of this invention will be ex- 30 
plained, referring to Figs. 4, 1a and 1b. 

Fig. 4 is an explanatory diagram of the light- 
reflector type encoder in accordance with the first 
example of this invention, in which, 20 is a rotatory 
plate, which is connected, to the subject under 35- 
detection (not shown) such as, for example, a mo- 
tor of various apparatuses, by means of a shaft 22, 
or the like. On the surface of said plate 20, a large 
number of light-transmittable graduations 24 are 
provided at an identical pitch, spaced from the 40 
center of the rotation axis by a substantially same 
radius. In the illustrated model, the graduations 24 
are the slits, which allow the light to pass through, 
whereby providing so to speak a reflectivity dif- 
ferent from that of the surface of the rotatory plate 45 
20. Obviously it is possible to form the graduations 
24 from a material having a different light-reflectiv- 
ity from that of the surface of the rotatory plate 20, 
as previously explained. In that case, the inter- 
spaces among the graduations 24 should be under- so 
stood to serve as the graduations of different light- 
reflectivity. 

Further, in the drawing, 26 is a fixed body 
(optical lattice) fixedly disposed relatively to the 
end 30a of an optical fiber 30, which is made of a 55 
disc of equal diameter with that of the rotatory disc 
20 and installed coaxially and non-contacting iy ad- 
jacent to said rotatory disc 20, and plural light- 



transmittable graduations 28 are provided thereon, 
along a part of the circumference of a hypothetical 
circle of equal radius from the center of rotation 
axis with that supposed in providing . the gradu- 
ations 24 on the rotatory disc 20, at the identical 
pitch with that of the graduations 24. The number 
of graduations 28 is determined in relation to the 
size of the area emitted by the light from the later- 
described optical fiber 30. Incidentally, in the illus- 
trated model the graduations 28 on the fixed plate 
26 are slits, but obviously they may be made of a 
material of higher light-transmittance than that of 
the surface of the fixed plate 26, as already ex- 
plained. In this case also the inter-spaces among 
the graduations 28 should be understood to serve 
as the light-reflective graduations. The fixed plate 
26 not necessarily has the same shape with that of 
rotatory plate 20, but may have the size and shape 
corresponding to those of the light-emitted area. 

An optical fiber 30 is disposed with its one end 
30a facing with the graduations 28 on the fixed 
plate 26, and the other end 30b connected to an 
optical signal-processing, means 32. As aforesaid, 
this optical fiber 30 may be a single strand of 
optical fiber or a bundle of strands of optical fibers. 
The optical fiber 30 emits the light from the light 
source within the optical signal-processing means 
32 onto the graduations 28 on the fixed body 26, 
and also receives the light reflected from the sur- 
face of the fixed plate 26, etc. and transmits it to 
the optical signal-processing means 32. Said end 
30a of the optical fiber 30 is worked in advance to 
emit light on several graduations 28 on the fixed 
plate 26, in correspondence to the denier size of 
the optical fiber. 

The optical signal-processing means 32 ac- 
commodates the light source and photoelectric 
conversion element for transducing the light to 
electric signals which are not shown, such means 
per se being known. 

The light-reflection type encoder having the 
described structure operates as follows. Light is 
emitted from one end 30a of the optical fiber 30, 
toward the plural graduations 28 on the fixed plate 
26. If the graduations 24 on the rotatory plate 20 
and the graduations 28 on the fixed plate 26 are in 
discrepancy with each other at the moment (cf. Fig. 
1a), the light emitted from the optical fiber 30 is 
reflected by almost entire lighted area. When sub- 
sequently the rotatory plate 20 rotates by the dis- 
tance of half a graduation, the graduations 24 and 
28 superpose with each other (cf. Fig. 1b) and a 
part of the light emitted from the optica! fiber 30 
transmits through the graduations 28 on the fixed 
plate 26 and the graduations 24 on the rotary plate 
20, and the remnant of the light emitted on the 
surface of the fixed plate 26 is reflected. And, when 
the rotatory plate 20 further rotates by the distance 
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of another half a graduation, the graduations 24 
and 28 again become discrepant with each other, 
and the light is reflected by approximately the 
entirety of the emitted area. Thus, during the rota- 
tory plate's rotation by the distance of one gradu- 5 
ation, the light-reflectivity varies by one cycle, and 
this variation is detected by the optical signal- 
processing means 32 through the optical fiber 30, 
to confirm that the subject under detection rotated 
by the predetermined angle. ?o 

In the above-described first example, the end 
30a of the optical fiber 30 is placed opposite to a 
statically installed plate 26, and the other member, 
ie, the rotatory plate 20, is rotated in response to 
the motion of the subject under detection. An 75 
equivalent function can be obtained by fixedly con- 
necting the optical fiber end 30a and the gradu- 
ations on. the fixed plate 26, rotating the fixed plate 
26 around its center axis in response to the motion 
of the subject under detection, and installing a 20 
member equivalent to the rotatory plate 20 but in a 
static mode. In this case, such a structure can be 
employed wherein the optical signal-processing 
means 32 and the other end 30b of the optical fiber 
30 are also statically installed, and the optical fiber 25 
end 30a and the fixed plate 26 are rotated. 

A light-reflection type encoder, eg, a position 
detector, according to the second example of this 
invention will be explained, referring to Fig. 5. 

The device comprises a statically disposed op- 30 
tical fiber 40, a static, graduated plate 44 which is 
fixed on one end 42 of the optical fiber 40 and 
serves as the first member, a shifting, graduated 
plate 46 which shifts in longitudinal direction in 
correspondence to the motion of the subject under 35 
detection, and an optical signal-processing means 
50 which is connected to the other end 48 of the 
optical fiber 40. 

The shifting, graduated plate 46 is formed of a 
long rectangular plate, and provided with the 40 
graduations formed at a uniform pitch and com- 
posed of two materials of different light reflec- 
tivities, as illustrated. Said plate 46 shifts in the 
direction indicated by the arrow, ie, the longitudinal 
direction, in correspondence to the motion of the 45 
subject under detection. 

The static, graduated plate 44 is fixed on the 
one end 42 of the optical fiber 40, at a position 
facing the graduations 52 of the shifting, graduated 
plate 46. Thus, the optical fiber 40, the static, so 
graduated plate 44 and the optical signal-process- 
ing means 50 are statically installed at fixed posi- 
tions. 

This device according to the second example 
operates similarly to the aforesaid device according 55 
to the first example. That is, the shifting, graduated 
plate 46 moves in the longitudinal direction, in 
response to the motion of the subject under in- 



spection. Accompanying this shift, the reflectivity of 
the light emitted from the end 42 of the optical 
fiber 40 onto the shifting, graduated plate 46, 
through the static, graduated plate 44, varies. By 
receiving the reflected light at said end 42 of the 
optical fiber 40 and processing the optical signal 
with the optical signal-processing means 50, the 
position of the subject can be detected. 

In the above device according to the second 
example, the shifting, graduated plate 46 moves in 
response to the motion of the subject under detec- 
tion, but the structure may be so modified that said 
plate 46 is statically installed at a fixed position, 
and the optical fiber end 42 and the static, gradu- 
ated plate 44 fixed thereon are moved in response 
to the motion of the subject under inspection. 

A light-reflection type encoder in accordance 
with the third example of this invention will be 
explained, referring to Fig. 6. 

This device comprises an optical fiber 60, a 
graduated member 64 fixedly installed relatively to 
one end 62 of said optical fiber 60, a rotatory, 
graduated member 68 which is connected to the 
subject under inspection through a shaft 66 or the 
like, and an optical signal-processing means 72 
connected to the other end 70 of the optical fiber 
60. 

The rotatory, graduated member 68 is colum- 
nar, and has the graduations 69 provided at an 
equal pitch and formed of the materials of different 
reflectivities, on its outer peripheral surface. As 
aforesaid, this member 68 is connected to the 
subject under inspection through the shaft 66 or 
the like, and rotates in response to the motion of 
said subject 

The end 62 of the optical fiber 60 is fixed on a 
supporting plate 74, and the graduated member 64 
also is fixed on the supporting plate 74. Thus the 
graduated member 64 is fixedly installed relatively 
to the end 62 of the optical fiber 60. The graduated 
member 64 is composed of a supporting frame 76 
and a film 78 which is supported by said frame 76. 
The film 78 is provided with vertical stripes which 
are alternately transparent and nontransparent, 
serving as the graduations of differing light-trans- 
mittances. These graduations on the film 78 have 
. the identical pitch with that of the graduations 69 
on the rotatory, graduated member 68. 

The other end 70 of the optical fiber 60 is 
connected to the optical signal-processing means 
72, similarly to the previous example. 

This device according to the third example 
again operates similarly to the devices according to 
the first and second examples, and can detect the 
position of the subject, by the rotation of the rota- 
tory, graduated member 68 in response to the 
motion of the subject under detection. 

A light-reflection type encoder according to the 
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fourth specific example of this invention will be 
explained, referring to Fig. 7. 

This device comprises an optical fiber 80, the 
first graduated member 84 installed fixedly rela- 
tively to the end 82 of said optical fiber 80, the s 
second graduated member 88 which is connected 
to the subject under detection, through a pinion 86, 
an optical signal-processing means 90 which can 
have the similar structure to that of those employed 
in the foregoing examples, and a disc-formed sup- io 
porting base 92 for supporting the optical fiber 80, 
etc. 

The second graduated member 88 is cylin- 
drical, and is rotatably supported on the disc- 
formed supporting base 92 so that it can rotate 75 
around the center axis of said base 92. Graduations 
94 made of the materials of different reflectivities 
are formed on the upper part of the internal side of 
the second member 88, and the lower part of the 
outer peripheral surface of said member is a gear 20 
96 which engages with the pinion 86 for conducting 
the motion of the subject under detection. Thus the 
second graduated member 88 is rotated in re- 
sponse to the motion of said subject 

On the disc-formed supporting base 92, the 25 
optical fiber 80, the first graduated member 84 and 
the optical signal-processing means 90 are fixedly 
installed. Thus the first member 84 is positioned 
fixedly relatively to the end 82 of the optical fiber 
80 and also faces the graduations 94 on the sec- 30 
ond member 88. The disc-formed supporting base 
92 can rotate around its center axis, and its lower 
part of the outer peripheral surface is formed into a 
gear 100. The gear 100, for example, engages with 
a pinion 98 which rotates in the reversed direction 35 
from that of the pinion 86 but at an equal angular 
velocity, in response to the motion of the subject 
under detection. 

In this device according to the fourth specific 
example, the first member 84 and the second 40 
member 88 rotate in reverse directions at an equal 
angular velocity, in response to the motion of the 
subject under detection. Thus it is made possible 
to detect the position of the subject, with the preci- 
sion twice higher than that of the case wherein 45 
either one of the members is fixed. 

It is also feasible to rotate the first member 84 
in response to the motion of the subject under 
detection, while the second member 88 is rotated 
in the same or opposite direction at a constant so 
speed or any optional speed. Thus it becomes 
possible to detect the position of the subject rela- 
tive to a predetermined standard point under mo- 
tion, which is determined depending on the rotation 
speed of the second member 88. 55 

Fig. 2 shows the variation in the quantity of 
reflected light in relation to, for example, the rota- 
tion of the rotatory plate 20, as aforesaid. In the 



graph, the curve A denotes, for example, the state 
of variation in the Example shown in Fig. 4, wherein 
the optical fiber 30 is installed on the side of the 
fixed plate 26. In this case, even if the flatness on 
the surface of fixed plate 26 is nonuniform, the 
quantity of reflected light from said surface shows 
always a constant value, stabilizing the minimum 
value. Consequently the absolute amplitude of the 
variation ratio becomes large, allowing sure detec- 
tion of the variation in the quantity of the reflected 
light, and hence, of the positional variation of the 
subject under inspection. 

The curve B in Fig. 2 shows the state of 
variation in the quantity of reflected light, when the 
optical fiber 30 is installed on the side of the 
rotatory plate 20. That is, when the optical fiber 30 
is installed on the side of the rotatory plate 20 and 
emission and reflection of light are effected, be- 
cause the flatness of the surface of the plate 20 is 
imperfect and the space between the end of the 
optical fiber and the rotator varies accompanying 
the rotation, the position and angle of the gradu- 
ations on the plate 20 change. Consequently the 
quantity of reflected light varies with the rotation of 
plate 20, and the maximum and minimum quan- 
tities of reflected light become unstable, reducing 
the absolute amplitude of the quantitative variation 
of the reflected light, and the sure positional detec- 
tion of the subject cannot be effected. 

Again the curve C in Fig. 2 shows the quantita- 
tive variation of reflected light, when a light having 
an emission area corresponding to the width of 
plural graduations is emitted in the conventional 
light-reflection type positional detector, in which, 
instead of using a graduated plate fixedly installed 
relative to one end of an optical fiber, a single 
sheet of graduated plate is shifted against said end 
of the optical fiber to effect the positional detection. 
In that case, not only the minimum and maximum 
values vary depending on the degree of flatness of 
the surface of the graduated plate 11, but the 
amplitude of variation in the quantity of reflected 
light is small, rendering a precise positional detec- 
tion nearly impossible. 

Furthermore, in the present invention the num- 
ber of graduations on the first member (optical 
lattice) has no substantial influence on the quantita- 
tive variation ratio in the reflected light. Therefore, it 
is entirely optional to enlarge the emission area for 
obtaining a large quantity of light, to reduce the 
individual graduation width on the first member for 
more finely dividing the graduations on the second 
member, or to reduce the pitch of the graduations. 

As so far described, according to the present 
invention the amplitude of variation in the reflected 
light can be enlarged by receiving the reflected 
light from at least two light-reflective graduations 
on the mobile body, at one end of the optical fiber. 



11 



21 



EP 0 146 303 B1 



22 



and furthermore the minimum and maximum val- 
ues can be always maintained at substantially con- 
stant level. Therefore the variation in the motion of 
the subject under inspection can be detected with 
large, stable signals, and hence the variation in the s 
subject's motion can be precisely detected. 

According to the present invention, any mo- 
tions of any subjects can be detected, as long as 
the subject can move or be shifted relatively to one 
end of an optical fiber. Variation in any motions, for 10 
example, those in the subject's position, pressure, 
velocity, volume and the like, can be detected, by 
converting the motion to that of the second mem- 
ber (mobile body). 

Such motions of a subject under inspection can is 
be converted to those of the mobile body, by 
conducting the variation in the motion of the sub- 
ject to the mobile body, by any optional physical, 
mechanical or physicochemical means. 

20 

Claims 

1. A light-reflection encoding method for detect- 
ing motion comprising the steps of: 

emitting light from an optical fiber end 25 
(30a,42 f 62,82) onto a body (20, 46, 68, 88), 
said body and said end of the optical fiber 
being relatively movable to produce the motion 
to be detected, said body (20) including a 
plurality of graduations arranged in alternate so 
groups (24, 24\ 52, 69, 94) exhibiting light 
reflection characteristics differentiated from 
one another, receiving light reflected by one of 
the groups of graduations of the body with the 
same optical fiber end and detecting said re- 55 
ceived light with a photo-electric converter; 
characterised in that the optical fiber end emits 
light onto at least two adjacent graduations of 
said one group of graduations of the body and 
an optical lattice (26, 44, 64, 84) is interposed 40 
between the optical fiber end and the body 
and in a fixed position relative to the optical 
fiber end, the lattice including a plurality of 
graduations arranged in alternate groups (28, 
28') exhibiting light-transmissive characteristics 45 
differentiated from one another, the gradu- 
ations of the lattice being capable of super- 
posing optically and regularly with the gradu- 
ations of the body to modulate light reflected 
by said at least two adjacent graduations of the so 
body. 

2. A method according to Claim 1, wherein the 
light emitted by the optical fiber end also illu- 
minates at least two adjacent graduations of 55 
one of the groups of graduations of the optical 
lattice. 



3. A method according to Claim 1 or 2, in which 
said optical fiber end is static. 

4. A method according to Claim 1 or 2, in which 
said one end of the optical fiber is in motion, 
and said body is either static or in different 
motion from that of the optical fiber. 

5. A method according to any one of Claims 1 to 

4, in which light-transmittable graduations on 
the optical lattice are capable of superposing 
optically and regularly with light-reflective 
graduations on the body moving relative there- 
to, in the substantially identical direction with 
that of the motion of said graduations of the 
body. 

6. A method according to any one of Claims 1 to 

5, in which the graduations provided on said 
body include graduations having high light- 
reflectivity and those having low light-reflectiv- 
ity. 

7. A method according to any one of Claims 1 to 
6 in which the graduations provided on said 
body include graduations which reflect emitted 
light as reflected different spectra. 

8. A method according to any one of Claims 1 to 
7, in which said body is connected to the 
subject under detection and moves in re- 
sponse to the motion of said subject. 

9. A method according to any of Claims 1 to 8, in 
which graduations of high light-transmittance 
and graduations of low light-transmittance are 
systematically arranged on the optical lattice. 

10. A method according to any of Claims 1 to 8, in 
which light-transmittable graduations and sub- 
stantially non-Hght-transmittable graduations 
are alternately and regularly arranged on the 
optical lattice. 

11. A method according to Claim 1 in which the 
body is mobile and light is emitted, in relation 
to the motion of the body, from said one end 
of the an optical; fiber to at least two light- 
highly reflective graduations on the mobile 
body, through at least two highly light-transmit- 
table graduations of the optical lattice which is 
fixed relatively to said end. of the optical fiber, 
and the reflected light from those light-reflec- 
tive graduations is received by said end of the 
optical fiber through at least two of said gradu- 
ations of the optical lattice. 

12. A light-reflection type encoder for detecting 
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motion comprising: 

an optical fiber (30, 40, 60, 80) for emitting 
light from one end (30,a,v42, 62, 82), a body 
(20, 46, 68, 88) for receiving the emitted light, 
the body and the optical fiber being relatively s 
movable to produce the motion to be detected, 
the body including a plurality of graduations 
arranged in alternate groups (24, 24', 52, 69, 
94) exhibiting light-reflective characteristics dif- 
ferentiated from one another and photoelectric w 
conversion means (32, 50, 72, 90) for detecting 
light reflected by one of the groups of gradu- 
ations of the body and received by the same 
end of the optical fiber; characterised in that 
the light emitted by the optical fiber end is 75 
incident on at least two adjacent graduations of 
the said body, of graduations of the body and 
an optical lattice (26, 44, 64, 84) is interposed 
between the optical fiber end and the body 
and in a fixed position relative to the optical 20 
fiber end, the lattice including a plurality of 
graduations arranged in alternate groups (28, 
28') exhibiting light-transmissive characteristics 
differentiated from one another, the gradu- 
ations of the lattice being capable of super- 25 
posing optically and regularly with the gradu- 
ations of the body to modulate light reflected 
by said at least two graduations of the body. 

13. An encoder according to Claim 12, in which 30 
the lattice is static and fixed and the body is 
mobile and is connected to a subject under 
detection to move in response to the motion of 

said subject. 

35 

14. An encoder according to Claim 12, in which 
the body is static and fixed and the lattice is 
mobile and is connected to a subject under 
detection to move in response to the motion of 

said subject. *o 

15. An encoder according to Claim 12, in which 
either one of the optical lattice and the body is 
mobile and is connected to a subject under 
detection to move in response to the motion of as 
said subject and the other of the optical lattice 

and the body is also movable and performs a 
controlled motion. 

16. An encoder according to any one of Claims 12 so 
to 15 in which the lattice or the body con- 
nected to the subject is mounted for rotation. 

17. An encoder according to any one of Claims 12 

to 15 in which the lattice and the body are 55 
mounted for rotary motion relative to one an- 
other. 



18. The encoder according to any one of Claims 
12 to 15 in which the lattice and the body 
make rectilinear or curvilinear motion relative 
to one another. 

19. An encoder according to any one of Claims 12 
to 18 in which the body is a film or plate. 

20. An encoder according to any one of Claims 12 
to 18 in which the body is a disc or a cylinder 
or a rod having circular cross-section. 

21. An encoder according to any one of Claims 12 
to 20 in which the lattice is a film, a plate, a 
disc or a cylinder or a rod having circular 
cross-section. 

22. An encoder according to Claims 12 to 21 in 
which the lattice is mounted on said one end 
of the optical fiber facing the body. 

23. An encoder according to any one of Claims 12 
to 22 in which the optical fiber is a single 
strand of optical fiber. 

24. An encoder according to any one of Claims 12 
to 22 in which the optical fiber is a bundle of 
strands of optical fibers. 

25. An encoder according to Claim 12 in which the 
body is rotatable and the graduations of the 
body are of substantially constant width, are on 
a surface confronting the lattice and are dis- 
posed along the circumference of a hypotheti- 
cal circle of a same radius described from the 
center of the rotational axis of the body. 

26. An encoder according to Claim 12 in which the 
body is rotatable and is provided, on a surface 
facing said lattice, with graduations disposed 
along the circumferences of at least two hy- 
pothetical circles of different radii described 
from the center of the rotational axis of the 
body and the lattice is provided with corre- 
sponding graduations disposed along the cir- 
cumferences of at said least two hypothetical 
circles. 

27. An encoder according to any one of Claims 12 
to 26 in which the graduations of the body 
have widths substantially identical with, or 
greater than, that of the graduations of the 
lattice. 

Revendlcations 

1. Un proc^de de codage a reflexion de lumiere, 
destine a d6tecter un mouvement, comportant 
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les etapes de : 

emettre une lumiere a partir de I'extremite 
d'une fibre optique (30a, 42, 62, 82) sur un 
corps (20, 46, 68, 88), (edit corps et ladite 
extremite de (a fibre optique etant mobiles Tun s 
par rapport a I'autre afin d'obtenir le mouve- 
merit devant §tre detecte, ledit corps (20) com- 
portant une pluralite de graduations agencees 
en groupes alternes (24, 24\ 52, 69, 94) pre- 
sentant des caracteristiques de reflexion de la 10 
lumiere, differentes les unes des autres ; rece- 
voir la lumiere reflechie par Tun des groupes 
de graduations du corps par la meme extremi- 
te de la fibre optique, et detecter ladite lumiere 
recue au moyen d'un convertisseur photo-elec- 75 
trique ; caracterisee en ce que I'extremite de la 
fibre optique emet de la lumiere sur au moins 
deux graduations adjacentes dudit groupe de 
, graduations du corps et un reseau optique (26, 
44, 64, 84) est interpose entre I'extremite de la 20 
fibre optique et le corps et dans une position 
fixe par rapport a I'extremite de la fibre opti- 
que, le reseau comportant une pluralite de 
graduations agencees en groupes alternes (28, 
28 f ) presentant des caracteristiques de tran- 25 
smission de la lumiere, differentes les unes 
des autres, les graduations du reseau etant 
. aptes a se superposer optiquement et de fa- 
con reguliere avec les graduations du corps 
afin de moduler la lumiere reflechie par au 30 
moins lesdites deux graduations adjacentes du 
corps. 

Un procede selon la revendication 1, dans 
lequel la lumiere emise par Textremite de la 35 
fibre optique eclaire egalement au moins deux 
graduations adjacentes de Tun des groupes de 
graduations du reseau optique. 

Un procede selon la revendication 1 ou 2, dans 40 
lequel ladite extremite de la fibre optique est 
statique. 

Un procede selon la revendication 1 ou 2, dans 
lequel ladite extremite de la fibre optique est 45 
en mouvement, et ledit corps est soit fixe, soit 
presente un mouvement different de celui de 
la fibre optique. 

Un procede" selon Tune quelconque des reven- so 
dications 1 a 4, dans lequel les graduations 
aptes a transmettre la lumiere sur le reseau 
optique sont aptes a se superposer optique- 
ment et de fapon reguliere avec les gradua- 
tions r6fI6chissant la lumiere, preVues sur le 55 
corps se deplacant par rapport a elles, dans 
une direction sensiblement identique a celle 
du deplacement desdites graduations du 



corps. 

6. Un procede selon Tune quelconque des reven* 
dications 1 a 5, dans lequel les graduations 
prevues sur lesdits corps comprennent des 
graduations presentant un pouvoir eleve de 
reflexion de la lumiere, et des graduations pre- 
sentant un faible pouvoir de reflexion de la 
lumiere. 

7. Un procede selon Tune quelconque des reven- 
dications 1 a 6, dans lequel les graduations 
prevues sur lesdits corps comprennent des 
graduations qui refletent la lumiere emise en 
tant que spectre different reflechi. 

8. Un procede selon Tune quelconque des reven- 
dications 1 a 7, dans lequel ledit corps est 
raccorde a I'objet soumis a detection et se 
deplace en reponse au mouvement dudit objet. 

9. Un procede selon Tune quelconque des reven- 
dications 1 a 8, dans lequel les graduations 
presentant un facteur de transmission de la 
lumiere eleve, et les graduations presentant un 
faible facteur de transmission de la lumiere 
sont agencees de fagon systematique sur le 
reseau optique. 

10. Un procede selon Tune quelconque des reven- 
dications 1 a 8, dans lequel les graduations 
aptes a transmettre la lumiere et les gradua- 
tions ne transmettant pas la lumiere sont agen- 
cees de fagon alternee et reguliere sur le 
reseau optique. 

11- Un procede selon la revendication 1, dans 
lequel le corps est mobile et la lumiere est 
emise, en fonction du mouvement du corps, a 
partir de ladite extremite d'une fibre optique 
vers au moins deux graduations reflechissant 
fortement la lumiere sur le corps mobile, a 
travers au moins deux graduations fortement 
aptes a transmettre la lumiere du reseau opti- 
que qui est fixe par rapport a ladite extremite 
de la fibre optique, et la lumiere reflechie a 
partir de ces graduations reflechissant la lu- 
miere est recue par ladite extremite de la fibre 
optique a travers au moins deux desdites gra- 
duations du reseau optique. 

12. Un codeur du type a reflexion de lumiere, 
destine a detecter un mouvement, comprenant 

une fibre optique (30, 40, 60, 80) suscepti- 
ble d'emettre de la lumiere a Tune de ses 
extrSmites (30a, 42, 62, 82), un corps (20, 46, 
68, 88) destine" a recevoir la lumiere £mise, le 
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corps et la fibre optique etant mobiles Tun par 
rapport a I'autre afin de procurer le mouve- 
ment devant etre detecte. le corps comportant 
une pluralite de graduations agencees en grou- 
pes alternes (24, 24\ 52, 69, 94) presentant s 
des caracteristiques de reflexion de la lumiere, 
differentes les unes des autres, et un moyen 
de conversion photo-electrique (32, 50, 72, 90) 
destine a detecter la lumiere reflechie par Tun 
des groupes de graduations du corps et regue 10 
par la meme extremite de la fibre optique, 
caracterise en ce que la lumiere emise par 
rextremite de la fibre optique est incidente sur 
au moins deux graduations adjacentes dudit 
corps de graduations du corps, et un reseau 75 
optique (26, 44, 64, 84) est interpose entre 
I'extremite de la fibre optique et le corps et 
dans une position fixe par rapport a rextremite 
de la fibre optique, le reseau comportant une 
pluralite de graduations agencees en groupes 20 
alternes (28, 28') presentant des caracteristi- 
ques de transmission de ia lumiere, differentes 
les unes des autres, les graduations du reseau 
etant aptes a se superposer optiquement et de 
fag on reguliere aux graduations du corps afin 25 
die moduler la lumiere reflechie par au moins 
lesdites deux graduations du corps. 

13. Un codeur selon la revendication 12, dans le- 
quel le reseau est statique et fixe et le corps 30 
est mobile et est connecte a un objet soumis a 
detection afin de se deplacer en reponse au 
mouvement dudit objet. 

14. Un codeur selon la revendication 12, dans le- 35 
quel le corps est statique et fixe et le reseau 

est mobile et est raccorde a un objet soumis a 
detection afin de.se deplacer en reponse au 
mouvement dudit objet. 

40 

15. Un codeur selon la revendication 12, dans le- 
quei Tun ou I'autre du reseau optique et du 
corps est mobile et est raccorde a un objet 
soumis a detection afin de se deplacer en 
reponse au mouvement dudit objet et I'autre 45 
parmi le reseau optique et le corps est egale- 
ment mobile et effectue . un deplacement 
controle. 

16. Un codeur selon Tune quelconque des reven- so 
dications 12 a 15, dans lequel le reseau ou le 
corps raccorde a I'objet est monte de fagon a 
tourner. 

17. Un codeur selon Tune quelconque des reven- 55 
dications 12 a 15, dans lequel le reseau et le 
corps sont montes pour tourner Tun par rap- 
port & I'autre. 



18. Le codeur selon Tune quelconque des revendi- 
cations 12 a 15, dans lequel le reseau et le 
corps effectuent des mouvements rectilineaires 
ou curvilineaires, Tun par rapport a I'autre. 

19. Un codeur selon Tune quelconque des reven- 
dications 12 a 18, dans lequel le corps est une 
pellicule ou une plaque. 

20. Un codeur selon Tune quelconque des reven- 
dications 12 a 18, dans lequel le corps est un 
disque ou un cylindre ou bien une tige presen- 
tant une coupe transversale circulaire. 

21. Un codeur selon Tune quelconque des reven- 
dications 12 a 20, dans lequel le reseau est 
une pellicule, une plaque, un disque ou un 
cylindre, ou bien une tige presentant une cou- 
pe transversale circulaire. 

22. Un codeur selon les revendications 12 a 21, 
dans lequel le reseau est monte sur ladite 
extremite de la fibre optique, en regard du 
corps. 

23. Un codeur selon Tune quelconque des reven- 
dications 12 a 22, dans lequel la fibre optique 
est un brin unique de fibre optique. 

24. Un codeur selon Tune quelconque des reven- 
dications 12 a 22, dans lequel la fibre optique 
est un faisceau de brins de fibres optiques. 

25. Un codeur selon la revendication 12, dans le- 
quel le corps est susceptible de tourner et les 
graduations du corps sont de largeur sensible- 
ment constante, se trouvent sur une surface en 
regard du reseau et sont disposees sur la 
circonference d'un cercle hypothetique presen- 
tant un rayon identique, decrit a partir du cen- 
tre de I'axe rotationnel du corps. 

26. Un codeur selon la revendication 12, dans le- 
quel le corps est susceptible de tourner et est 
pourvu, sur une de ses faces en regard dudit 
reseau, de graduations disposees sur les cir- 
conferences d'au moins deux cercles hypothe- 
tiques de rayon different, decrits a partir du 
centre de I'axe rotationnel du corps et le re- 
seau est pourvu de graduations correspondan- 
tes disposees sur les circonferences d'au 
moins deux cercles hypothetiques. 

27. Un codeur selon Tune quelconque des reven- 
dications 12 a 26, dans lequel les graduations 
du corps presentent des largeurs sensiblement 
identiques a, ou plus importantes que celles 
des graduations du reseau. 
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Patentanspruche 



Bewegung der Einteilungen des Korpers. 



1. Lichtreflexionscodierungsverfahren zur Bewe- 
gungsdetektion, welches die folgenden Schritte 
aufweist: 5 

Lichtabgabe von einem Lichtleitfaserende 
(30a, 42, 62, 82) auf einen Korper (20, 46, 68, 
88), wobei der Korper und das Ende der Licht- 
leitfaser relativ beweglich sind, um die zu de- 
tektierende Bewegung zu erzeugen, der Kor- w 
per (20) eine Mehrzahl von Einteilungen um- 
fatft, die in abwechselnden Gruppen (24, 24 f , 
52, 69, 94) mit zueinander unterschiedlichen 
Lichtreflexionseigenschaften angeordnet sind, 
Empfangen des von einer der Gruppen von is 
Einteilungen des Korpers mit ein und demsel- 
ben Lichtleitfaserende reflektierten Lichts und 
Detektieren des empfangenen Lichts mit einem 
photoelektrischen Wandler, dadurch gekenn- 
zeichnet, dad das Lichtleitfaserende Licht auf 20 
wenigstens zwei benachbarte Einteilungen der 
einen Gruppe von Einteilungen des Korpers 
abgibt und ein optisches Gitter (26, 44, 64, 
84) zwischen dem Lichtleitfaserende und dem 
Korper in einer festen Position relativ zum 25 
Lichtleitfaserende angeordnet ist, das Gitter 
eine Mehrzahl von Einteilungen umfa/ft, die in 
abwechselnden Gruppen (28, 28') in voneinan- 
der unterschiedlichen Lichtdurchlassigkeitsei- 
genschaften angeordnet sind, und da/3 die Ein- 30 
teilungen des Gitters sich optisch und regel- 
majSig mit den Einteilungen des Korpers Uber- 
lagern konnen, um von wenigstens zwei be- 
nachbarten Einteilungen des Korpers reflektier- 
tes Licht zu modufieren. 35 

2. Verfahren nach Anspruch 1, bei dem das 
durch das Lichtleitfaserende abgegebene Licht 
auch wenigstens zwei benachbarte Einteilun- 
gen einer der Gruppen von Einteilungen des 40 
optischen Gitters ausleuchtet. 

3. Verfahren nach Anspruch 1 Oder 2, bei dem 
das Lichtleitfaserende statisch ist. 

45 

4. Verfahren nach Anspruch 1 oder 2, bei dem 
ein Ende der Lichtleitfaser in Bewegung ist 
und der Korper entweder statisch ist oder eine 
von der Lichtleitfaser unterschiediiche Bewe- 
gung ausfuhrt. so 

5. Verfahren nach einem der Anspruqhe 1 bis 4, 
bei dem die lichtdurchlassigen Einteilungen 
auf dem optischen Gitter sich optisch und 
gleichmaflig mit den Hchtreflektierenden Eintei- 55 
lungen am Korper uberlagern konnen, der sich 
relativ hierzu bewegt, und zwar im wesentli- 
chen in der gleichen Richtung wie jene der 



6. Verfahren nach einem der Anspruche 1 bis 5, 
bei dem die Einteilungen, die am Korper vor- 
gesehen sind.Einteilungen umfassen, die ein 
hohes Lichtreflexionsvermogen haben und sol- 
che, die ein geringes Lichtreflexionsvermogen 
haben. 

7. Verfahren nach einem der Anspruche 1 bis 6, 
bei dem die Einteilungen, die auf dem Korper 
vorgesehen sind, Einteilungen umfassen, die 
abgegebenes Licht als reflektiertes Licht mit 
unterschiedlichen Spektren reflektieren. 

8. Verfahren nach einem der Anspruche 1 bis 7, 
bei dem der Korper mit dem zu detektierenden 
Gegenstand verbunden ist und sich in Abhan- 
gigkeit von der Bewegung des Gegenstands 
bewegt. 

9. Verfahren nach einem der Anspruche 1 bis 8, 
bei dem die Einteilungen mit hoher Lichtdurch- 
lassigkeit und die Einteilungen mit geringer 
Lichtdurchlassigkeit auf dem optischen Gitter 
systematisch angeordnet sind. 

10. Verfahren nach einem der Anspruche 1 bis 8, 
bei dem die lichtdurchlassigen Einteilungen 
und die im wesentlichen nichtlichtdurchlassi- 
gen Einteilungen auf dem optischen Gitter ab- 
wechselnd und regelmaBig angeordnet sind. 

11. Verfahren nach Anspruch 1, bei dem der Kor- 
. per beweglich ist und Licht in Relation zu der 

Bewegung des Korpers von einem Ende einer 
Lichtleitfaser auf wenigstens zwei stark lichtre- 
flektierende Einteilungen am beweglichen Kor- 
per liber wenigstens zwei stark lichtdurchlassi- 
ge Einteilungen des optischen Gitters abgege- 
ben wird, das relativ zu dem Ende der Licht- 
leitfaser festgelegt ist, und bei dem das von 
diesen Hchtreflektierenden Einteilungen reflek- 
tierte Licht von dem Ende der Lichtleitfaser 
uber wenigstens zwei der Einteilungen des op- 
tischen Gitters aufgenommen wird. 

12. Lichtreflexionscodierer zur Bewegungsdetek- 
tion, der aufweist: 

eine Lichtleitfaser (30, 40, 60, 80) zur Ab- 
gabe von Licht von einem Ende (30a t 42, 62, 
82), einen Korper (20, 46, 68, 88) zur Aufnah- 
me des abgegebenen Lichts, wobei der Korper 
und die Lichtleitfaser relativ beweglich sind, 
um die zu detektierende Bewegung zu erzeu- 
gen, der Korper eine Mehrzahl von Einteilun- 
gen enthalt, die in abwechselnden Gruppen 
(24, 24', 52, 69, 94) mit voneinander unter- 
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schiedlichen Lichtreflexionseigenschaften an- 
geordnet sind, und eine photoelektrische Um- 
wandlungseinrichtung (32, 50. 72, 90) zum De- 
tektieren des durch eine der Gruppen von Ein- 
teilungen des Korpers reflektierten und durch 
ein und dasselbe Ende der Lichtleitfaser aufge- 
nommenen Lichts, dadurch gekennzeichnet, 
da/3 das von der Lichtleitfaser abgegebene 
Licht auf wenigstens zwei benachbarte Eintei- 
lungen des Korpers trifft und ein optisches 
Gitter (26, 44, 64, 84) zwischen dem Lichtieitfa- 
serende und dem Korper sowie in einer festen 
Position relativ zum Lichtleitfaserende ange- 
ordnet ist, das Gitter eine Mehrzahl von Eintei- 
lungen umfaflt, die in abwechselnden Gruppen 
(28, 28') mit voneinander unterschiediichen 
Lichtdurchlassigkeitseigenschaften angeordnet 
sind, und die Einteilungen des Gitters sich 
optisch und regelmatfig mit den Einteilungen 
des Korpers uberlagern konnen, um.das von 
wenigstens zwei Einteilungen des Korpers re- 
fiektierte Licht zu modulieren. 

13. Codierer nach Anspruch 12, bei dem das Git- 
ter statisch und festgelegt ist, und bei dem der 
Korper beweglich ist und mit einem zu detek- 
tierenden Gegenstand verbunden ist, um sich 
in Abhangigkeit von der Bewegung des Ge- 
genstands zu bewegen. 

14. Codierer nach Anspruch 12, bei dem der Kor- 
per statisch und festgelegt ist und das Gitter 
beweglich sowie mit einem zu detektierenden 
Gegenstand verbunden ist, um sich in Abhan- 
gigkeit von der Bewegung des Gegenstands 
zu bewegen. 

15. Codierer nach Anspruch 12, bei dem entweder 
das optische Gitter oder der Korper beweglich 
ist und mit einem zu detektierenden Gegen- 
stand verbunden ist, um sich in Abhangigkeit 
von der Bewegung des Gegenstands zu bewe- 
gen.und dafl das optische Gitter oder der Kor- 
per ebenfalls beweglich ist und eine gesteuerte 
Bewegung ausfuhrt. 

16. Codierer nach einem der Anspruche 12 bis 15, 
bei dem das Gitter oder der Korper, das bzw. 
der mit dem Gegenstand verbunden ist, dreh- 
bar gelagert ist. 

17. Codierer nach einem der Anspruche 12 bis 15, 
bei dem das Gitter und der Korper zur Ausfuh- 
rung einer Drehbewegung relativ zueinander 
gelagert sind. 

18. Codierer nach einem der AnsprQche 12 bis 15, 
bei dem das Gitter und der Korper relativ 



zueinander eine geradlinige Bewegung oder 
eine Bewegung gema/3 einer Kurve ausfuhren. 

19. Codierer nach einem der Anspruche 12 bis 18, 
5 bei dem der Korper eine Folie oder eine Platte 

ist. 

20. Codierer nach einem der Anspruche 12 bis 18, 
bei dem der Korper eine Scheibe oder ein 

10 Zylinder oder ein Stab ist, der einen Kreisquer- 

schnitt hat. 

21. Codierer nach einem der Anspruche 12 bis 20, 
bei dem das Gitter eine Folie, eine Platte, eine 

15 Scheibe oder ein Zylinder oder ein Stab mit 

einem Kreisquerschnitt ist. 

22. Codierer nach einem der Anspruche 12 bis 21, 
bei dem das Gitter an dem einen Ende der 

20 Lichtleitfaser angebracht ist, das dem Korper 

zugewandt ist. 

23. Codierer nach einem der Anspruche 12 bis 22, 
bei dem die Lichtleitfaser ein einziger Strang 

25 aus einer Lichtleitfaser ist. 

24. Codierer nach einem der Anspruche 12 bis 22, 
bei dem die Lichtleitfaser ein BCindel mit 
Strangen aus Lichtieitfasern ist. 

30 

25. Codierer nach Anspruch 12, bei dem der Kor- 
per drehbar ist und die Einteilungen des Kor- 
pers eine im wesentlichen konstante Breite ha- 
ben, auf einer Flache vorgesehen sind, die 

35 dem Gitter zugewandt ist und langs des Urn- 

fangs eines hypothetischen Kreises mit einem 
gleichen Radius angeordnet ist, der ausgehend 
von der Drehmittelachse des Korpers geschla- 
gen ist. 

40 

26. Codierer nach Anspruch 12, bei dem der Kor- 
per drehbar ist und auf einer, dem Gitter zuge- 
wandten Flache mit Einteilungen versehen ist, 
die langs der Umfange von wenigstens zwei 

45 hypothetischen Kreisen mit unterschiediichen 

Radien angeordnet sind, die ausgehend von 
der Mitte der Drehachse des Korpers geschla- 
gen sind, und bei dem das Gitter mit zugeord- 
neten Einteilungen versehen ist, die langs der 

so Umfange der wenigstens beiden hypotheti- 

schen Kreise angeordnet sind. 

27. Codierer nach einem der AnsprUche 12 bis 26, 
bei dem die Einteilungen des Korpers Breiten 

55 haben, die im wesentlichen gleich sind oder 

grower sind als die Einteilungen des Gitters. 
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